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^ ^^^^^r improving mc^^^nm^ . 
plate stwictures, corrugated structures and sftp«l«^es itt geaei^ te^^nkairo 



vessels 

The present invention is related to a raedioa f6f>, 
Rapacity of existing stiffened plate stru<d.ures,.Qi 
general in marine vessels. 




le content of the co-pending .p^teiBtj 
icludedby reference, ./ 



30 



.V^'<?p«&$6hd expericn<* iWth6 ; . ' . ■ f 

<iQrrugatedbtaMea4s ttay be a^eafclifl^ 

ships. There have been many cases with loss of <d^<ships in whkfhittoas been 
suspected that the bulkheads have collapsed aft#^^ateringressdnt<i=.cHVgo holds 
leading to rapid bulkhead failure and sinldng of t£fe^^%if iSih^^^^ 

Importance to be able tq^rovide efficient and o60>^^c,y,^^>i^^^s^^ ■ V.i^ -i 
l^isting bulk ships as-we« as overtypes :t>fme^^^^^ ^m^S.; 

|3ie aam of the.mvention is to -aiflii.eVp-a^peiJi^^ 
Qffexistincs^ctures in vaxiovs^^^nmi^^^xi^^^^^^ 



■ cpiiStrtioitioi^is-a'znatiiae 
4ebk-sj^6ture.; Another 
%ret^eiaed buflcfie^ 




These aims are achieved with the invention as defiaed in the fqilDwSii^^pJaiins. 

The invention comprises a method for improvinr^^Hrr^g q^'^itMyisdng ' • • ; • 
structures.. With existing structures is it meam stiuc^s.alrl^-^^^-^^ ' ■■■ ' 
constructions like ships or vessels, for instance! hS^^^/^r^vi^i^^^i^ 
structures like stiffened plates used -ih--apn>toi^^| 
the structure used should be ia^^ve^. "PS^ bjaill 
. ready manufactured structures.:l|ke pfatcS^At yfe^^|^^^gjg^| 
structures should get improved:larrying;C^pa<rfi^^^^.tlbr^^ 
ooiistruCtion.; The improved can^dng -capacity in^lttdfes seveikr';^^ 
instance general strength, improved capacity to wiil^tand transverse piWure or ' 
point loads, high stif&ess etc. The concrete used to fill the void created by 
attaching another plate-element to. the^ existing struetUEeis a e©nGr^*with suMcient 
strength and appropriate density. For weight sensifiye'^dsires-lil^^^^l mWv h^ - ^; - 
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y^en 211 existing' staructurife in a'consmietipp'; 
. other j^SurtS af the construption likQ-diirbtd^ * 
knee bracing or similar may also be improved iii^irelation to carryiiag capacity to 
give the construction an overall improved perforni^ce. 




v^th 



one or several apertures are present in tfi0;prQ^i^^p^^t&^|^^^ 
otthe void. By filling the void nntil conqr4t€f45|3^^^1^^^^ 




MB' 



i^i'ay.be iiiadip.after the plate-felefilent is ^ttk^jLf^l^^^ 
■ Tcoiiseiijie^^^ 

the pFate-element or existing stfiicto ' 

Depetkding on &e use and form of the existing- stesn^tuces ol^^lat^tii^ 
bit^ttach^d to either one or both sides of the plate- ' , " . * . * • ' V^V : 

li^ existing structure may be a stiffened struct 
al^ching plate-elements may' be of seyeratl foi 

• ' se%ral direclions. The existing ^tnicttii&imajK^k 

mainly parallel ridges and grooves, ^p^e ^ -^"^^"^^ 
sharp angles, rounded bends .of >more quadr 

• , ;e5dstiag^s|3^tu^ .at a cross-sfection; '3?iB]^^l.#^^[^^ 
ijhe ekiiiti^tg structure is CoTtugated. Anotiier qpttfia^iS^atffie^^ * ; ' 
in the longitudinal direction only run over a part eif iflae existing striict^e/ This may . i 
for instance be the case for a bulkhead, where fire. ^^B^ansilional tp^ ,^^^<iii:pxa parts 

of the bulkhead is made as a so-called stool 5tructsd^e^"5?5iaiai5^^ / . ' ' 

• mainly parallel with the bulkhead and the hull ™k^tt*i:5icm^i^ 
corrugated plate structure with grooves nimiii 



For an existing corrugated structure onb-possiMl^^ 
capacity is to make a plate-element covejf bnejgr®^^ 



, to -the ridges of the existing corrugated striictupevT?]^^iiii^^ -f- 'ii^^l^ 

pne side one achieves a smooth surface. .Pir^t'of'^^^M^^^ ^ • ' 

strength as well as inplane stif&t&$s for horizdntaT and shear loads. Moteover the 
smooth sTirface is favourable in the cases where the existing structures ^surface is 
supposed to be cleaned at regular intervals- This is typically the case of ljulkheads 
forming cargo holds in a vessel. By having smooth sides the hold may be cleaned 
efficiently. In some cases such a strengthened hold- may even be'Used-Kpth^^^ • . 'iu;|>- 
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satxsf^tion of formal &sS&ty 
Qf the structure. 

IftiLei^isting-stiuctureisa^icjalstifieni 

]i>late,. erne can achieve a void to be filled with-c^cr^fe iar several pae 
-pQsabiUty to fonn such a void is to attach a platgiiitsmem-to.t|feT*eti;% 
the adjacent stifFeners or girders. The void is thus^<si3jifedi?e!Ei&f^^ 
primary plate structure and the attached plate«6^^«|^iTh^j^i^^^i 
a different thickness than th6 existina niotM <it»-ni^*^iH4.feii^ ^^^^^ 



"plate-element, 
strength, 

relatipji to the existing stiffened plate, stfe'ft^ 
have to be fiilly parallel to the exisigiig'^ls^^ 
bercurved or- concave. 



jcoirugated 



of 



^ SmcelHp steength and cacfying^capacfty isai^^ ' 
J^eans may:not*e fully necessary any more anttia^^e^ " . ' 




,aiid fohns a Void. This- void is j^ed -Hw& conpr4^m^6iisi^:sig^fi|ki^ify less 
thaja that of normal concrete, prfeferably less fha^^^sut UOQ.fcgW:: B|idQing this 
to all the grooves on one side a smooth surWof^Ke^iiginaUy oorriiiked structure 
IS created. This may be favourable for instance for'«orriigated: slakc^$''^sed in 
bulkheads, since cargo holds should be emptied iri ra^besf poss^^^^^^ 

nave "fn hp. nlAOni»>l '■ra*.vr ••..^11 J.tJ>j^_ . . 'rL-^^-r . ... 




In the following the invention will be explained v^flii-etobodiments- with reference to 
the figures where: 

Fig 1 shows a perspective vieW of a part of a bullhead improved in ac^rdance 
With the invention, - ' 



Fig. 2 shows a cross-sectioft of a part of an impmYid^orrugatetl plfi^^ ^ 

- •' ■ • ■ ... 'rfisi . • 
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Fig. 3 show? a cross~£ 
means. 



Fig. l.shows a simpUfiedrpSrspecti^^^ 

: bf;.iTi.p^s, a bulkhead 1, a lbw6r stool A4 f6tMM^:^^ a&a 
^ a ship side 12. The buMiead is made of a trapizeiHalftijrpe coiTrug%d0ts^t0 1*^ ; 

' is welded to the lower support stool 14 which in tjim^ bpinects:$he^ witji the 

^ ship bottom structure 13, * *; . \ • ' 

i The corrugated plating of the bulkhead is stren^^^ 

elements 2 to the existing stiTzcturfe ibr foj^^^^^^^^^^^^^M^^i^^^ 
plates 2 m^y .bedess than the -fl^knWibto 
filled with cbncrete 3. In addition the vaM;4;bfJ^^^^^^ 
CMCjirete 3. This- is to give the ^stjb^ 
strenjg^ prppei^^ 

A' crbss-section of a part of a corirugated piatejiiri^t^^ in aGCoitiafecif^^ the ' 
fenveriti^o^ in Fig, 2. The conrugated piatfe foi^ 

^ias grooves 6 and ridges 7 
4 ridges 7 on 

^//oi) both sides of the corrugated plate. 



I strtictufe an^£lifefe?i^ ^bi^diig^ii^^ i^^M: 




stiffeiied plate structures 
well. The existing structure 



s'tiffener means to form voids 4. The voids 4 afe.^Sn^.fr^^^ coiidflt^; 3. The^ 

parts of the stiLfifener means 15 that protrudes oufsiiae^the -lay^r of attgicj^^d ^plate^ 
elements 2 may be removed if the remaining strength's stif&cii^k^^^^ 
two of the stiffeners means 15 by dotted lines 14";^^^;'^.: . TSiis iw 
either before or after the plate 
the stiffener means 15 results 
with the present invention were ixiariy jprQtjmding'4' 



The prtesent invention is now explained ^Idth I ® ' 

changes can be done withinthe scope ofthsrinYm^iss^ss/d^ /^^^S?! 
claims." • • . ' ' ' ■ - ' ' ' ■ 
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CLAIMS- • ■ ••' • ■ ' '^^i^i^^^m^mm^^ 

1. Method for iflaproving carrying capacit^: ^^S^^^^^p^^J^^.' * ' • :70: 



attaching at least one other plate-elemeatUgstfiB-mislaiig s^aictifc: to form a 
void, ' 

noimal 



... = ---^ wh#eM^^^^^^^^fe^fe|| 

filled \vith concrete, with a dcsn^ity iignifibailL^^^^^^^^^^^P^^^^^^ 
.^feferablylBss than about i2y^a^^;to ^^'^^^^^(^1 ^l^^^^S^' '"' ' 

. Methodfa^/ioj^irigtb claim 1 or 2, wheremr' . / - ; •, 

^ .: '!^I^S before adding the concrete*^ 

|?fthe ver^9al%hest'portionofthevoidtofe^^^^ . • . \"' 

■^eterhuhiBg when the. void has been fully groutedi . -H^ k!;f •. • . . • 



4. Method ac 
sides of the- existing 




5,. 

structure 
-groowBsaiadthe 
leasf ohe groove in 



(5. i^ethod according to one of the preceding -clMnisJ wheEeii^^^ . . 

covering a groove in the corrugated existing st?tidfui^-,^ Wtachytif . " : r /i'.V 

other ways of attaching the sides of the nlflte-f«l*.nT«««B • .^'--r f 



30 



8. Method- according to claim 7, 

or after phate-elemeuts are attached to them to foiin vbids. 

9. Improved corrugated structure with alternating mainly parallel ridges and 
grooves, wherein it comprises on one or both sides at least one plate-eleinent, 
attached to the corrugates plate so that the plate eletaait covers at kastj^ae-^oove 



1 - 



and forms a void, wliich void is filled wift a conejrete^ wth a4ensily..^g^ca^ 
less than that of normal coucretc, preferably Icsso*^ 



10. Improved C( - ™ 

Ieast.one side are coverfed by Pfete--elemfents,-^||^^^||^^^^^^^^^^' 

5 * n. Structures ia sMps ©r vemb:lik6;-f^ 

• strucfines etc with improved strfeiigth aad cajSj^^^^^^^^^^^fe^l^;- -ij^^' 
|: Aethod.aesoribed in oiie fffiaKf-tiaims ^ &=' X J \ .- -r^^Cf ^j^V f • •; 'riffl' 



I- 
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ABSTRACT 

The present invention relates to a method for improving 

carrying capacity of existing structures, with the 
IJ^^^ of attadhing atJteast one other :i^at^^- . • 

element to the existing structure to form a void, 
J, thereafter filling the void with concrete with density 
^significantly less than that of normal concrete, 

preferably less than about 1200 kg/m^ to the voi^^^d . . ^: ^ : 

then letting the concrete cure. The invention also : . . . . ' . Ac. . 

includes a improved corrugated structure and struct^ite^ - r 

for use in ships or vessels. 
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